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(54) Title: CIRCUIT ARRANGEMENT 




(57) Abstract 

The invention relates to a circuit arrangement for operating a high pressure discharge lamp with a lamp current having successive 
periods of opposite polarity, which lamp is provided with at least two main electrodes being placed on an electrode distance from each 
other, the circuit arrangement comprising: input terminals for connecting a supply source, output terminals for connecting the high pressure 
discharge lamp, and means, coupled to the input terminals, for supplying the lamp current to the high pressure discharge lamp of which the 
successive periods have a predetermined shape. According to the invention the circuit arrangement is provided with means for detecting a 
first parameter indicative for the electrode distance and forming a first signal dependent on the first parameter, means for reshaping of the 
periods of the lamp current in dependence of the thus formed first signal. 
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The invention relates to a circuit arrangement for operating a high pressure 
discharge lamp with a current having successive periods of opposite polarity, which lamp is 
provided with at least two main electrodes being placed on an electrode distance from each 
other, the circuit arrangement comprising: 
5 -input terminals for connecting a supply source, 

-output terminals for connecting the high pressure discharge lamp, and. 

-means, coupled to the input terminals, for supplying the lamp current to the high pressure 

discharge lamp of which the successive periods have a predetermined shape. 

10 

Such a circuit arrangement is known from the American Patent 5,608,294. The 
known circuit arrangement provides a measure to suppers flickering of a high pressure discharge 
lamp and is in particular suitable for operating a high pressure discharge lamp in a projection 
system like a projection television apparatus. In the known circuit arrangement, the lamp is 

15 supplied with a current of successive block shaped periods of opposite polarity. The 

suppression of flickering is reached by supplying to periods of the lamp current an additional 
current pulses with the same polarity at the end of a predetermined fraction of such a period of 
the lamp current. By means of the thus reshaped current period, the temperature of the 
electrode is raised to a relatively high value, which high temperature increases the stability of 

20 the discharge arc, because the discharge arc originates from the same place on the electrode in 
each cathodic phase and so flickering is substantially suppressed. The additional current is 
supplied in a regular sequence, preferably at each successive pulse. Although it is known that 
AC operation of high pressure discharge lamps with a low frequency alternating lamp current 
prevents a rapid erosion of the electrodes of the high pressure discharge lamp (further also 

25 referred to as the lamp) and allows operation of the lamp with a relatively high efficacy, it has 
occurred that lamps operated with the known circuit arrangement showed to have a continuos 
increase of the arc voltage over an operating time of several hundred hours, which voltage 
increase appeared to continue when the lamp was experimentally operated for several 
thousand hours. As a luminous output of the lamp being fairly constant over the life of the 
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,amp is of vital importance for use in a projection system, a continuos arc voltage increase 
forms a serious draw back in reaching a long lamp live. 

in case a high pressure discharge lamp is operated with an AC current, each 
electrode of the lamp alternating!, functions as a cathode and as an anode during successtve 
periods of .he .amp currenr. During these periods the electrode is said to be in the cathodtc 
phase and .he anodic phase respectively. Electrode marerial. that is removed from .he 
Lrode in .he anodic phase, rerums to the decode as a srream of ions in .he earned, phase 
These rranspor, processes farmer complicate the behaviour of the e,ec,rode temperature dun g 
each period of the ,amp current since the time dependency o, me electrode .emperature m me 
anodic phase differs from that in the cathodic phase. 



The invention aims to provide a circuit arrangement for operating a high 
pressure discharge lamp in a way which substantia,,, overcomes the mentioned drawback and 
simultaneously is maintaining the subs.an.ia.ly suppression of flickering of .he lamp dunng ,ts 
operation. 



According to the invention, a circuit arrangement of .he kind mentioned in rhe 
opening paragraph is for .his purpose charac.enzed in that ma. the circuit arrangemenr ts 

provided with r 
- m eans for de.ecting a first parameter ,„d,ca,ive for the elecrode d.stance and formmg a 

signal dependent on the first parameter, and wirh 

ieans for reshaping of rhe periods of .he lamp currenr in dependence of the thus formed firs, 

I, has surprismgly occurred rhat w,lh a controlled reshaping of rhe penods of 
,hc lamp curren, i, is possible to substantially overcome the problem of continuous increase of 
,hc lamp voltaae without significantly violating lamp flicker suppresston. 

Further improvement wirh regard to discharge arc stability is preferably 
achieved when the circuit arrangement further comprises: 

. m eans for detecting a second parameter indicative for the occunence of lamp flteker and 
forming a second signal dependen, on the detected second parameter, and 
-nreans for a further adjustment of the shape of the successive periods in dependence of 
thus formed second signal. 
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Because the shape of the current flowing through the lamp is changed in 
accordance with the detection of occurrence of flickering, it has advantageous appeared 
possible to suppers both the flickering to an level fully acceptable for optical projection and 
simultaneously substantially control alterations in the electrode distance and thus counteract a 
continuous tendency of lamp voltage increase. 

In an embodiment the first parameter is formed by the lamp voltage, preferable 

averaged over several periods. 

In an embodiment of the circuit arrangement according to the invention the 
lamp voltage during each successive period is providing for the second parameter. Use of the 
lamp voltage for forming the second parameter has as advantage that for first and second 
parameter the same quantity is used. This simplifies the circuit arrangement. In a first 
preferred embodiment the shape of the lamp voltage during each period is detected and used 
for forming the second parameter. Preferable this is realized by means in the circuit 
arrangement which measure the lamp voltage at selected intervals during such a period and 
compare the thus found values with each other. In a second preferred embodiment for forming 
the second parameter it is the value of the lamp voltage in successive periods at a fixed 
moment during each period, preferably at a moment of a constant lamp current, which are 
detected. In a practical embodiment this is preferable realized by means measuring the lamp 
voltage at a moment close to the end of each period and comparing the outcome of 
consecutive periods having the same polarity. In a further embodiment the second parameter is 
formed by the luminous output of the lamp, for instance by means of optical detectors placed 
around a display area of a projection system, for instance at the edge of the display area. 

Good results were obtained in case the frequency of the periods of opposite 
polarity of the lamp current was selected from the range 45 Hz - 500 Hz. 



The above and further aspects of the invention will be explained in more detail 

below with reference to a drawing, in which 

Fig. 1 shows an embodiment of a circuit arrangement according to the 

invention; 

Fig. 2 shows control means of an embodiment of a circuit arrangement 
according to the invention in accordance with fig 1; 

Fig. 3 shows control procedure as prosecuted by the embodiment according to 

fig 2; 
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Hg. 4 shows a flicker control loop forrrring part of the control procedure 

according to n£-d ^ ^ ^ ^ ^ ^ ^ ^ lamp 



current 



provided by the circuit arrangement according ro fig 1, 



in Fig 1 Kl and K2 denote input terminals for connection to a supply voltage 
source supplying a supply voltage. ., coup.ed ,0 » and K2. are means for generating a DC 
supply current. Output terminals of means . are connected to respecttve tnp < tenmna,s 
commutator II. Output terminals of commutator n am connecred by rhe high pressure 
lhar«= lamp La. which .amp is provided with a, leas, two main e,ec,rodes be.ng p.aced on 

penods of opposite polarity of the current supplied to the lamp by way of controlling he 
meats I and ^corporate both means for detecting a firs, parameter indicative for me electro e 

,amp current in dependence of the thus formed first signal. Means I and means U together 

;lre d.scharge lamp of which ,amp cu„en, the successive periods have a predated 

ShaPe ' The operation of the ctrcui, arrangement shown in Fig. 1 is as follows. 

When input termtnals K1.K2 are connected to a voltage supply source, means 
.enerate a dc supply cuncn, from the supply voltage supplied by the voltage supply source, 
clmutator I, converts rh.sdccu^ 

opposite polarity. By control means 111 the shape of the successive penods of rhe curren thus 

embod,men, the means ■ are formed by a rectifier bridge followed by a sw.tch m d p w 
circ „M for instance a Buck or down convener. Commutator II preferably composes a fu„ 

cL,. La mP , ^ — - * - — — 

" ,„ Ftg 2 the control means III for controlling means I are shown in more detail. 

The control means W comprise an input 1 for detecting the lamp voltage, for instance the 
I 1^ ^ rerminals U*2 connected to the lamp fomting a signa, represenrmg the lamp 
0,3 Preferably the lamp voltage representing signa, is formed by detecting a voltage a, a 



II. 

3 
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ignition voltage generated in the lamp ignition circuitry. Control means III further comprises 
an input 2 for detecting of the current through inductive means L of the converter forming the 
switch mode power circuit of the means I, which converter has at least a switch, and an output 
terminal 3 for switching the switch of the switch mode power circuit periodically in a 
conducting and a non-conducting state thus controlling the current through the induction 
means L of the converter. Input 1 is connected to connection pin PI of a microcontroller MC. 
A connection pin P3 of the microcontroller is connected to an input 4 of a switching circuit 
SC. Input 2 is connected to an input 5 of the switching circuit SC, of which an output O is 
connected to output terminal 3. The microcontroller MC are forming means for detecting a 
first parameter indicative for the electrode distance and forming a first signal dependent on the 
first parameter as well as means for detecting a second parameter indicative for the occurrence 
of lamp flicker and forming a second signal dependent on the detected second parameter. The 
switching circuit forms means for reshaping of the periods of the lamp current in dependence 
of the thus formed first signal and means for further adjustment of the shape of the successive 
periods in dependence of the thus formed second signal. 

The operation of the circuit arrangement shown in Fig. 2 with the converter 
being a Buck or down converter, is as follows. The microcontroller MC is provided with 
software for prosecution procedures as further explained herebelow with reference to figures 3 
and 4. The procedures result in a converter peak current value which is fed to switching circuit 
SC at input 4 and used as reference for comparison for the detected current at input 2 which is 
also fed to the switching circuit SC, at input 5. Based on this current values comparison the 
switching circuit generates a switching off signal at output O, which switches the switch of the 
down convener in the non- conducting state when the detected current equals the peak current 
value. As a result the current through the inductive means will decrease. The converter switch 
is kept in the non-conductive state until the current through the inductive means L becomes 
zero. On detecting the converter current becoming zero the switching circuit SC generates at 
its output O a switch on signal that renders the switch of the down converter conductive. The 
current through the inductive means L now starts to increase until it reaches the peak current 
value. Such switching circuit SC is for instance known from W097/14275. The value of the 
peak current is refreshed as outcome of the procedures as prosecuted by the microcontroller 
MC. 

The detection of the lamp voltage is done with a frequency depending on the 
shape of the current to be realized through the lamp and is controlled by a built in timer of the 
microcontroller MC. Taking the lamp voltage as lamp parameter for detection has as an 
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detection a wattage contnol would no. only nq . operaKS 
bu , a,so an additional conttol ptooedute in the — » 

„ a favour en— a, a in the rang. MSHfc ° Mc , f ^ 

Fig . 3 shows control procedure as prosecu, d b the nu 

contro l means m according to fig 2. A shown voltage ***** £ » « gy ^ 

as supplied via input , to — ^ * * ^ ^ ^ flicker Mntro , 

, oop FC whtch , explatned ,n ^ ^ foming ,He latnp 

slore d in B. Then the control procedure returns to loo , FC. th P ^ ^ ^ 

3 £ 2 .Jindica.es.hauheeleettoae.stancehas 

gr owth. Preferable loo* up table II is .he .nverse of looU up .able ■ ^ ^ 

The de.ec,ed voltage values ate ,n case of the ™ d 
„ the lantp voltage talten a, a fixed ntotnen, of each succcs-e pen . referab 

„ „„, the conttol procedure returns • Is - _ ^ . ^ mode of 
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stabilize the control procedure switches to the voltage control loop VC. Preferable look up 
table IV is the inverse of look up table III. 

Different shapes of successive periods forming the lamp current defining 
different modes of operation are hereafter described with reference to fig 5 to 10 for 2 
successive periods with opposite polarity. The current is set along the vertical axis in a relative 
scale. Along the horizontal axis the time is displayed. For a first period TA of time duration tp 
as shown in fig 5 the lamp current has a mean value Im and over a first part of the period with 
time duration tl a lower mean value Ie and over a second part of the period a current 12 being 
larger than Im. The value of the current II at the beginning of the period tl corresponds to a 
diffuse stable attachment of the discharge to an electrode of the lamp. For flicker free 
operation it was established that .3<Ie/Im< 9. In the described embodiment the ratio Ie/Im has 

a value .7 and the ratio tl/tp a value .2. 

This mode provides for flicker free operation and also for growth of the 
electrode tips and so reduction of the electrode distance. 

In fig 6 is shown the lamp current of an alternative mode of operation in which 
the current over the first part of the period is held constant at the value which allows for a 
diffuse stable attachment of the discharge to the electrodes, herewith defined as themionic 
emission of the electrode. Therefore the mean value of the current over this first part Ie is at 
most equal to the maximum current that could be supplied by the electrodes through 

thermionic emission. 

This mode provides for flicker free operation and also for growth of the 

electrode tips and so reduction of the electrode distance. 

According to a further preferred mode the resulting current is shown in fig 7. In 
this case the current II at the start of the period is higher than Ie. 

Also this mode provides for flicker free operation and also for growth of the 
electrode tips and so reduction of the electrode distance. 

In fig 8 is shown a graph of the current according to another mode of operation 
in which the lamp current is provided with a pulse of the same polarity at the end of the period 
with a value 13. For fulfilling the object of stable operation (flicker free) it has been 
established that the requirements 1.4<I3/Im<4 and .02<t3/tp<.25 should be fulfilled, in which 
t3 is the pulse width. In a practical realization of the described embodiment the value of 13 is 
1.61m. From experiments it has been deduced that 13 is preferable chosen in the range 
1.6<I3/Im<3. 



) 
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For causing lamp voltage reduction with a current shape according to fig 8 it 
has been established that .02*3/tp,.25 and t2/tp*.5 are fulfilled. Best results are achieved f 
t2/tp> 75. Preferably tp fulfils the relation tp=t2 + t3 with .06<t3/tp<.12. 

In fig 9 is shown a current shape which is suitable for increasing the lamp 
voltage. Here the following relations should apply: 

Ml- 1.3,13/lm,4; 0,t2/tp,.98; .02*3/tp,.25. Herein t2 is the time lapse between start of 
the period and start of the additional current pulse. 

A current shape as shown in fig 10 in which an additional current pulse of 
opposite polarity is applied, is also suitable for causing lamp voltage increase. The necessary 

relation to be fulfilled are: AnfA ^ 
„-I2- KB/ImS 7; .5<t2/.p<98 .02<t3/tp<.25. Particular when the current a, the end of the 
period p is smaUer than Im the cunen. shape is effective for .amp vohage incnease. 

A practical embodiment of a circuit arrangement as shown m Ftg. 1 has been 
used for the operation of a high pressure dtscharge lamp of the type UHP, make Phi.ip.The 
,amp had a nomine, power consumption of 100 Watt and an electrode distance of on y 1.4 
mm was operated with two different modes of operation defining different shapes of 
successive periods forming rhe ,amp current. In a firs, mode of operauon the success.ve 

correspond^ to .1 is regulated by way of a wattage conrrol incorporated m the 
nricrocontroller software to a nomina, value of IMA. The max.mum value for 13 ,s fixed at 
: I The period duration tp is 5.6ms. according to a operating fre q uency of the commutator 
"nieans I. of 90H, and the ratio t3,tp is controlled to be 0.0S with .2 + ,3*p As long as he 
,amp vohage, having a nominal value of S5V, is above 68V me current 3 „ fixe a A. .n 
case the detected lamp voltage has decreased ,0 68V the periods are reshaped by the means 
„ ,ha, the current ,3 is stepped down in 3 steps to rhe value of ,1 , after which the means A 

enods wbrch are shaped as rectangular bloc* with a value controlled with the same wartage 
omro, as mentioned for the firat mode a, the same nomina. va,ue as „ . Thus the vohage 
minimum level U- is 68V. For the voltage maximum level U + a value of 1.0V ,s used, As 

,0 rietec. the lamp voltage once at a fixed moment during each penod, pmferab. ^ 

The thus detected lamp vohage is also forming the second parameter. The found 
values of successive period of equal polarity are compared for detecting occurrence of 
iTarge attachment on the elecrmdes tending to become unstable and used as definmg lamp 
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flicker. For a thus found voltage difference a value of >1V occurring more than once over a 
time span of 2 minutes is set in the software as threshold for the occurrence of lamp flicker. In 
a further practical embodiment the detection of occurrence of lamp flicker is based on 
comparison of the found voltage differences of the detected voltages with 3 different 
thresholds each connected to a separate repetition rate as to detect both lamp flicker of high 
and of low frequency with high accuracy. The values of the thresholds and corresponding 
repetition rate is given in a table. 



Table 



Voltage value in V Repetition rate in s 
! 120 

0.3 3° 
0.1 5 
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! Circuit arrangement for operating a high pressure discharge lamp with a current 

having successive periods of opposite polarity, which lamp is provided with at least two mam 
electrodes being placed on an electrode distance from each other, the circuit arrangement 
comprising: 

-input terminals for connecting a supply source, 

-output terminals for connecting the high pressure discharge lamp, and 

-means, coupled to the input terminals, for supplying the lamp current to the high pressure 

discharge lamp of which the successive periods have a predetermined shape, 

characterized in that the circuit arrangement is provided with 

- m eans for detecting a first parameter indicative for the electrode distance and forming a first 
signal dependent on the first parameter, and with 

-means for reshaping of the periods of the lamp current in dependence of the thus formed first 
signal. 

2 . Circuit arrangement according to claim 1 , wherein the circuit arrangement 

further comprises: 

-means for detecting a second parameter indicative for the occurrence of lamp flicker and 
forming a second signal dependent on the detected second parameter, and 
-means for a further adjustment of the shape of the successive periods in dependence of the 
thus formed second signal. 

3 . Circuit arrangement according to claim 1 or 2 characterized in that the first 
parameter is formed by the lamp voltage. 

4 . Circuit arrangement according to claim 1,2 or 3 characterized in that the second 
parameter is formed by the lamp voltage during successive current periods. 

5 . Circuit arrangement according to claim 4 characterized in that the lamp voltage 
at each period has a shape which is detected. 
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6. Circuit arrangement according to claim 4 characterized in that the lamp voltage 
at each period has a value which is detected. 

7. Circuit arrangement according to claim 1,2 or 3 characterized in that the second 
parameter is formed by the luminous output of the lamp. 
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